Phosphatidylinositol 3-kinase-delta (PI3Kd) signaling is critical for proliferation, survival, homing, and tissue retention of malignant B cells. Idelalisib, a selective oral inhibitor of PI3Kd, has shown considerable single-agent activity in patients with heavily pretreated chronic lymphocytic leukemia (CLL). This study evaluated the safety and clinical activity of idelalisib in combination with bendamustine (IB) or rituximab (IR) or both (IBR) in patients with relapsed or refractory (R/R) CLL. Idelalisib was given continuously at 100 or 150 mg twice daily in combination with rituximab (375 mg/m 2 weekly Â 8 doses), bendamustine (70 or 90 mg/m 2 , days 1 and 2 every 4 weeks Â 6 cycles) or BR (rituximab, 375 mg/m 2 every 4 weeks and bendamustine, 70 mg/m 2 , days 1 and 2 every 4 weeks Â 6 cycles). The primary endpoint was safety; secondary endpoints included overall response rate (ORR), duration of response (DOR), and progression-free survival (PFS). Fifty-two patients (median age 64 years) with a median of 3 prior therapies were enrolled. ORR was 84.6% (89.5% IR group, 77.8% IB group, and 86.7% IBR group). The overall median PFS was 25.6 months, and median DOR was 26.6 months. The most common grade ≥3 adverse events (≥10% of patients) were pneumonia (19.2%), diarrhea (13.5%), and febrile neutropenia (17.3%). Idelalisib-based combination therapy with bendamustine and/or rituximab was highly active, resulting in durable tumor control in patients with heavily pretreated R/R CLL. However, its tolerability profile suggests that these regimens should be used cautiously in this patient population. ClinicalTrials.gov ID: NCT01088048.
Introduction
Treatment options for relapsed or refractory (R/R) chronic lymphocytic leukemia (CLL) include the same chemoimmunotherapy regimens used in the frontline setting, including fludarabine (F) and cyclophosphamide (C) or bendamustine (B), combined with rituximab (R), referred to as FCR and BR, respectively. 1, 2 The B-cell receptor signaling pathway is activated in malignant B cells. 3 Activation of the B-cell receptor, as well as integrin, cytokine and chemokine receptors, in turn activates phosphatidylinositol 3-kinase-delta (PI3Kd), providing strong proliferative and survival signals and tissue migration and retention advantages to the malignant B cell. 4 Idelalisib is a potent, highly selective, oral, small-molecule inhibitor of PI3Kd. 5 In lymphoid cell lines and primary patient samples, idelalisib blocks PI3Kd and serine/threonine kinase signaling and promotes apoptosis. [5] [6] [7] In a phase 1 trial of 52 patients with R/R CLL, idelalisib demonstrated an overall response rate (ORR) of 72% with a median progression-free survival (PFS) of 15.8 months. 8 This heavily pretreated patient population included 24% of patients with del(17p)/TP53 mutations and 91% with unmutated IGHV. More than two-thirds of the patients experienced nodal responses and resolution of cytopenias. No dose-limiting toxicities were observed. The low rates of myelosuppression and immunosuppression with idelalisib suggested that it could be safely combined with other active drugs.
A subsequent randomized, double-blind, placebo-controlled, phase 3 trial was conducted comparing rituximab with or without idelalisib in patients with heavily pretreated R/R CLL who were not considered fit for standard chemoimmunotherapy. 9 The addition of idelalisib to rituximab significantly improved ORR, PFS, and overall survival (OS). The PFS benefit was also seen in patients with poor prognostic features. Although grade 3 or 4 adverse events (AEs) were common in both groups, there was no significant overall increase in the rate of AEs in the idelalisib plus rituximab group, albeit with short follow up.
Given the role of PI3Kd in B-cell malignancies, the pharmacologic profile of idelalisib, and the demonstrated safety and efficacy of idelalisib monotherapy in patients with R/ R CLL, we performed a phase 1, open-label study in patients with indolent non-Hodgkin lymphoma (iNHL), CLL, and mantle-cell lymphoma. Here, we report the cohort of patients with previously treated CLL and characterize the tolerability and clinical activity of idelalisib in combination with rituximab, bendamustine, or both.
Methods
The present report summarizes data derived from a larger, phase 1, open-label study that evaluated idelalisib in various combinations for R/R iNHL, mantle cell lymphoma, or CLL (ClinicalTrials.gov identifier: NCR01088048) that was initiated in 2010 (Fig. 1) . A total of 115 patients with CLL were included. Results through September 1, 2015 for 52 patients treated with idelalisib in combination with rituximab (IR, n = 19), with bendamustine (IB, n = 18), or with bendamustine plus rituximab (IBR, n = 15) are reported here; these results informed the subsequent development of idelalisib for the treatment of CLL. The remaining 63 patients were allocated to exploratory combinations of idelalisib with ofatumumab, fludarabine, chlorambucil, rituximab/chlorambucil, or rituximab/lenalidomide, and these results will be reported elsewhere. The primary study evaluated patients through 48 weeks of continuous idelalisib treatment and was followed by an extension study offering continued idelalisib monotherapy for patients who were deriving clinical benefit.
The studies were conducted at 11 centers in the United States according to the principles of Good Clinical Practice after review and approval by the US Food and Drug Administration. Institutional review boards at each study site approved the study protocols, and all patients provided written informed consent. All authors had full access to study data and were involved in data interpretation, manuscript preparation, revision, and final approval.
Eligibility criteria
Patients with a documented diagnosis of CLL as established by the International Workshop on CLL (IWCLL)10 were eligible for the study. Key eligibility for the study included patients with R/R CLL (refractory defined as not responding to a standard regimen or progressing within 6 months of the last course of a standard regimen); symptomatic disease requiring treatment based upon the IWCLL criteria; absolute neutrophil count >1000/mm
Study treatments
The study drug was provided as capsules or tablets containing 100 or 150 mg of active idelalisib; doses of 50 and 75 mg were available for dose reductions. Idelalisib was taken twice daily (BID) with water at approximately 12-hour intervals. The starting dosage of idelalisib was determined based on safety, efficacy, and pharmacokinetic data from phase 1 healthy volunteer 11 and monotherapy 8 studies. In the absence of disease progression or unacceptable toxicity, patients continued idelalisib through 48 weeks on the primary study (twelve 28-day cycles) and indefinitely on the extension study.
Subjects with CLL were enrolled by investigator choice into multiple cohorts that incorporated interim safety and efficacy data from the study and other new findings. mg/m 2 Â 6 cycles. All patients remained on single-agent idelalisib at the same dose until unacceptable toxicity or disease progression. Dose-limiting toxicities were assessed in the IR and IB cohorts after cycle 1 and defined as grade ≥3 nonhematologic toxicity or grade 4 hematologic toxicity persisting for at least 7 days, considered to be related to 1 or more drugs in the regimen.
Combination partners were administered at doses and schedules that were standard at the time the study was planned and initiated. For all treatment days, idelalisib was administered before bendamustine or rituximab, and bendamustine was administered before rituximab (on day 1 of the cycle). Bendamustine was administered as a 30-minute intravenous infusion at a dose of 70 or 90 mg/m 2 on days 1 and 2 of each of the 6, 28-day cycles. 12 Rituximab was administered as an intravenous infusion at a dose of 375 mg/m 2 weekly for 8 cycles, or on day 1 of each of the 6, 28-day cycles when combined with bendamustine. Premedication with an analgesic/antipyretic and an antihistamine was administered before each infusion. Concomitant treatment was allowed for AEs, concurrent illness, or symptom management, as deemed medically necessary by the investigator.
Recent safety signals in the first-line setting in CLL and relapsed iNHL/small lymphocytic leukemia suggest that idelalisib may be associated with neutropenia and an increased risk for serious infections, particularly Pneumocystis pneumonia and cytomegalovirus infection/reactivation. 13 In the absence of such safety signals at the time, this trial was designed and conducted, a proactive recommendation to use granulocyte colony-stimulating factor or prophylactic antibiotics was not made, and data on the ad hoc use of these or other supportive care agents were not collected.
Study assessments
Screening assessments included documentation of disease diagnosis, staging (Rai and Binet systems), prognostic factors (interphase fluorescence in situ hybridization), cytogenetic abnormalities, IGHV mutational status, recording of B systemic symptoms, World Health Organization (WHO) performance status score, physical examination, clinical laboratory tests, immunophenotyping of peripheral blood, a bone marrow biopsy (if not done within 6 weeks prior to study initiation), and computed tomography scans. At subsequent visits, AEs and concomitant medications were recorded, and standard laboratory tests (hematology, serum chemistry) were conducted.
By physical examination and complete blood count, response was evaluated every 8 weeks for the first 6 months, then every 12 weeks. The best overall response was the best response recorded from the start of treatment until disease progression or discontinuation. Complete response (CR), partial response (PR), stable disease, and progressive disease (PD) were assessed using standard IWCLL criteria. 10 Computed tomography scans (or magnetic resonance imaging) were used to assess lymph-node size. Nodal responses were calculated from the sum of the product of the greatest perpendicular diameters (SPD) and percent change in SPD from baseline to each subsequent assessment time point. Patients who had PD at any point stopped study drug treatment and discontinued the study. Patients who derived clinical benefit were given the option to enroll in a long-term safety extension protocol that allowed continued treatment with idelalisib.
Statistical analysis
Each regimen was analyzed separately; no cross-regimen comparisons were made. Unless otherwise noted, data from the primary and extension study were considered together. All efficacy and safety analyses were based on the intent-to-treat (ITT) analysis set, which included all subjects who received at least 1 dose of study drug (idelalisib or combination therapy). The ORR was calculated as the proportion of subjects whose best overall response was a CR or PR and is presented with a 2-sided 95% exact confidence interval (CI). Duration of response (DOR), PFS, and OS were summarized using the Kaplan-Meier method. Survival curves were plotted based on the Kaplan-Meier method. DOR was evaluated in responding patients.
Results

Patient characteristics
Patient characteristics by treatment arm, as well as for all patients enrolled in the study, are listed in Table 1 . The majority of patients (57.7%) were male, and the median age was 64 years (range: 41-87). Almost two-thirds of patients (63.5%) had bulky adenopathy (defined as the presence of ≥1 node with diameter ≥5 cm), and most had advanced-stage disease (61.5% Rai stage III or IV). Approximately 94% of patients had a WHO performance score of 0 or 1; the remaining 6% had a WHO performance score of 2. Adverse prognostic factors were common: Unmutated IGHV 14 was detected in 78.8% of patients, and 21.2% of cases had del(17p) or a TP53 mutation. 15 No Richter transformations were reported, although the study did not systematically collect that information. Participants were heavily pretreated with a median of 3 prior therapies (range: 1-9). None of the patients enrolled in the study received prior therapy with a Bruton tyrosine kinase inhibitor or venetoclax. Approximately 56% of patients had disease that was refractory to their last prestudy therapy, and 65% of patients had disease that was refractory to rituximab (defined as not responding or progressing within 6 months of the last course).
Patient disposition
All patients in the ITT analysis set (N = 52) received idelalisib ( Table 1 ). The median exposure for patients in the primary and extension studies was 18.4 months (range: 1.0-61.6). Most patients (84.6%) received 150 mg BID, while the remainder (4 patients [7. 7%] in the IR arm and 4 patients [7.7%] in the IB arm) received 100 mg BID. At 6 months, 38 patients (73.1%) were still receiving idelalisib. At 1 year, 31 patients (59.6%) were still receiving idelalisib. All of these patients continued idelalisib therapy in the extension study.
Across the primary and extension studies, 6 patients (11.5%) had a treatment-emergent AE (TEAE), which led to a reduced dose of idelalisib. One of these patients was on idelalisib 100 mg BID, and the other 5 patients were on idelalisib 150 mg BID. Specific TEAEs leading to dose reduction included increased transaminase or alkaline phosphatase levels, ischemic colitis, febrile neutropenia, neutropenia, pyrexia, and erythematous rash. Twenty patients experienced a TEAE leading to idelalisib discontinuation; in 14 of these patients, TEAE was the primary reason for discontinuation. The most common TEAE causing idelalisib discontinuation was diarrhea/colitis (6 patients). The only other TEAE that led to discontinuation in more than 1 (2018) 2:3 www.hemaspherejournal.com patient was rash (2 patients). Fourteen patients discontinued due to PD, 6 due to investigator request, 1 due to patient noncompliance, and 4 for other reasons.
Safety profile
The incidences of TEAEs and laboratory abnormalities occurring in ≥15% of patients are shown in Table 2 . Most of the AEs were consistent with those expected for heavily pretreated patients with R/R CLL. All 52 patients in the study experienced at least 1 TEAE. Forty-nine patients (94.2%) experienced TEAEs that were grade ≥3 in severity. The most frequently (≥20%) reported investigator-assessed TEAEs of any grade or attribution were neutropenia, pyrexia, diarrhea, fatigue, cough, nausea, anemia, pneumonia, and constipation. The most frequently reported TEAEs of grade ≥3 across cohorts were neutropenia and pneumonia. Laboratory abnormalities occurring in ≥15% of patients (in the primary study only) included lymphocytopenia, leukopenia, hypertriglyceridemia, neutropenia, elevated transaminases, anemia, thrombocytopenia, increased alkaline phosphatase, hyponatremia, high cholesterol, hypokalemia, increased serum bilirubin, hypoalbuminemia, and hypoglycemia.
A total of 39 patients (75.0%) across both studies experienced at least 1 serious AE (SAE). SAEs occurring in more than 5% of patients overall included pneumonia, pyrexia, febrile neutropenia, colitis, and sepsis. Eight patients (15.4%) experienced a TEAE leading to death during the primary or extension study; death was attributed to sepsis in 2 patients (septic shock, intracranial hemorrhage, dyspnea, multiorgan failure, fungal pneumonia, Pneumocystis jiroveci pneumonia [PJP] , and subdural hematoma in 1 patient each).
Efficacy
Idelalisib reduced lymphadenopathy in most patients in the primary study (Fig. 2) . The overall mean lymph-node response compared with baseline was À73.2% (95% CI: À81.0, À65.4) (P < 0.001). All cohorts showed a similar mean reduction: À70.1% for IR (95% CI: À85.3, À54.9), À67.6% for IB (95% CI: À83.0, À52.1), and À84.6% for IBR (95% CI: À90.4, À78.8).
Using standard IWCLL response criteria, 10 44 (84.6%) patients achieved an objective response (95% CI: 71.9, 93.1) across cohorts (Fig. 3) . In the patients treated with IR, the ORR was 89.5% with no CRs and 17 (89.5%) PRs. In the patients treated with IB, the ORR was 77.8%, with 1 (5.6%) CR and 13 (72.2%) PRs. In the patients treated with IBR, the ORR was 86.7%, with 2 (13.3%) CRs and 11 (73.3%) PRs. As shown in Fig. 3 , the response rates remained high (72.7%, 95% CI: 39.0, 94.0) in patients with del(17p) or mutated TP53.
The median time to response was 1.9 months, but responses up to 8.3 months after initiation of therapy were observed. As depicted in Fig. 4 , the overall median DOR was 26.6 months: 34.9 months for the IR cohort, 16.7 months for the IB cohort, and Patients who experienced multiple events within the same preferred term were counted once per preferred term. IB = idelalisib plus bendamustine, IBR = idelalisib plus bendamustine plus rituximab, IR = idelalisib plus rituximab, PJP = Pneumocystis jiroveci pneumonia, SAEs = serious AEs, TEAEs = treatment-emergent AEs.
(2018) 2:3 www.hemaspherejournal.com 21.2 months for the IBR cohort. In patients with adverse del(17p) or TP53 mutations, the median DOR was 18.5 months. The overall median PFS was 25.6 months ( Fig. 5 
Discussion
In this phase 1 study, the use of idelalisib in combination with rituximab, bendamustine, or both resulted in durable, high response rates in heavily pretreated patients with CLL, including many who were refractory to chemoimmunotherapy and who had other unfavorable prognostic characteristics, including adverse cytogenetics, bulky adenopathy, and advanced-stage disease. Approximately 38.5% of patients discontinued due to AEs. The AEs observed were consistent with known side effects of the agents used or the underlying disease; there were no novel safety events. Pneumonia was the most common SAE (17%) and was observed most frequently in the IB group (22%). Rash was observed in 19% of patients but was equally distributed between the 3 groups, suggesting a relationship to idelalisib. However, this incidence was lower than reported in prior idelalisib monotherapy trials. 8 Pneumonitis was rare and observed in only 1 patient. Asymptomatic hepatic enzyme elevation is a consistent AE reported in all trials with idelalisib. Of the 5 patients (9.6%) who experienced grade ≥3 aspartate aminotransferase (AST) or alanine aminotransferase (ALT) elevation, 4 resumed treatment (3 in the IB group and 1 in the IR group). This is similar to the incidence observed in patients previously treated with idelalisib monotherapy, 8 as well as with idelalisib plus rituximab. 9 As in the randomized trial of rituximab with or without idelalisib, despite the high rate of AEs of any grade, the combination was overall tolerable. The addition of bendamustine, rituximab, or both did not lead to notably greater toxicity or higher rates of treatment discontinuation, although the study was not powered to detect differences between cohorts. Criterion for lymphadenopathy response according to Hallek et al. 10 Shaded bars represent the presence of del(17p) or TP53 mutation; black bars represent patients without a follow-up tumor assessment (unevaluable). IB = idelalisib plus bendamustine, IBR = idelalisib plus bendamustine plus rituximab, IR = idelalisib plus rituximab, SPD = sum of the product of the greatest perpendicular diameters of measured lymph nodes. Subsequent phase 3 trials with idelalisib involving R/R CLL patients demonstrated similar or higher rates of the AEs associated with idelalisib use. In a randomized trial of idelalisib with ofatumumab versus ofatumumab alone, the combination resulted in grade ≥3 AE rates of 20%, 23%, 5%, and 8% for pneumonia, diarrhea, or colitis, pneumonitis and AST or ALT elevation, respectively. 16 A second randomized trial compared idelalisib, bendamustine, and rituximab to bendamustine and rituximab. The idelalisib combination arm resulted in grade ≥3 AE rates of 11%, 9%, 1.4%, and 21% for the same toxicities. 17 By contrast, much higher rates of hepatotoxicity were observed in a phase 2 study of idelalisib monotherapy in previously untreated CLL patients; 54% experienced grade ≥3 transaminitis, with evidence for an immune-mediated mechanism. The severity was greater in the younger, treatment-naive patients. 18 In a trial of previously untreated patients limited to those ≥65 years of age treated with idelalisib and rituximab, 42% experienced grade ≥3 diarrhea and/or colitis and 23% AST or ALT elevation. 19 Importantly, 3 phase 3 trials were terminated prematurely when an increased rate of SAEs and increased mortality were noted in the treatment regimens that included idelalisib. 13 Most events were infections, including sepsis and opportunistic infections such as PJP and cytomegalovirus infections. These trials involved previously untreated CLL patients and iNHL patients with disease characteristics that differed from the approved indication for idelalisib.
The primary objective of this phase 1 study was to characterize the safety of idelalisib in combination with rituximab, bendamustine, or both in previously treated CLL patients. Secondary objectives included the clinical efficacy of these combinations; however, the study was not designed to compare the different treatment arms. In general, the responses in all treatment arms were similar. The ORR of 85% was significantly higher than reported rates with the 3 respective treatment regimens when used without idelalisib. [20] [21] [22] The difference was even greater in the subset of patients with del(17p) or TP53 mutations or unmutated IGHV, highlighting the activity of idelalisib in these difficult-to-treat populations. In addition, the observed ORR (89%) in the IR group was comparable to that reported in a larger group of similar patients (81%) 9 and slightly higher than with idelalisib monotherapy in a prior trial (72%). 8 Nodal responses were rapid, clinically significant and similar in all treatment groups and were independent of patient characteristics. Importantly, the DOR and PFS were longer than those reported in prior studies with each of the treatment regimens without idelalisib and in the idelalisib monotherapy trial. 18, [20] [21] [22] The present data demonstrate that idelalisib, a first-in-class, selective oral inhibitor of PI3Kd, in combination with rituximab and/or bendamustine, offers significant and rapid reductions in lymphadenopathy and durable tumor control in heavily pretreated patients with CLL. Based on these results, phase 3 trials evaluating the efficacy of idelalisib in combination with rituximab or bendamustine plus rituximab were initiated and subsequently completed. 9, 17 Idelalisib in combination with bendamustine plus rituximab improved PFS compared with bendamustine plus rituximab alone. 17 Although these trials demonstrated a benefit from the addition of idelalisib to bendamustine and/or rituximab, significant SAEs and infections associated with combination therapy should lead to judicious and cautious use of these regimens in patients with previously treated CLL.
